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Abstract— This paper describes the calibration of a three-
dimensional hydrodynamic model of the Scheldt estuary 
against of different types of velocity data. The calibrated model 
will be used to analyse the effects of several scenarios (different 
morphology of the Scheldt with different ranges of boundary 
conditions). 
I. INTRODUCTION 
The Scheldt estuary is located in the south-western part of 
the Netherlands and in Belgium. In the framework of the 
projects "Integral Plan for the Upper Sea Scheldt" and 
"Agenda for the Future", it was necessary to develop an 
integrated model for the Scheldt estuary. Existing models 
lack a high resolution in the Upper Sea Scheldt, Durme, 
Rupel and Nete. For this reason, the SCALDIS model, a new 
unstructured high resolution model of the tidal Scheldt is 
developed in TELEMAC 3D for the entire estuary, but with 
special attention to the upstream parts. The calibrated model 
will be used to analyse the effects of several scenarios 
(different morphology of the Scheldt with different ranges of 
boundary conditions). 
The model domain (figure 1) covers the entire Scheldt 
estuary, including the mouth area, the Belgian coastal zone 
and the Eastern Scheldt. Upstream, the model extends to the 
limits of the tidal intrusion. The use of an unstructured grid 
allows to combine a large model extent with a high 
resolution upstream. The grid resolution varies from 500 m at 
the offshore boundaries to 7-9 m in the Upper Sea Scheldt. 
The main objective of the model calibration is to improve 
the model performance in the upstream part of the estuary. 
The model is calibrated for one spring-neap tidal cycle in 
2013 against field data: water levels, velocities (in deep and 
shallow zones) and discharges. Bed roughness and velocity 
diffusivity are used as the calibration parameters. This paper 
describes the model calibration against of different types of 
velocity data. 
II. THE NUMERICAL MODEL 
A.  Model grid 
The TELEMAC model developed in the framework of 
this project covers a large part of the North Sea, the entire 
 
Figure 1. Model domain 
 
Scheldt estuary (until the tidal border) and the Eastern 
Scheldt. The flood control areas (FCA’s) with or without a 
controlled reduced tide (CRT) are included in the model grid 
as they are important for the storm scenarios (Smolders et al., 
2015). 
The model grid consists of 459,692 nodes in 2D mesh 
and 873,419 elements. In the 3D model we use 5 levels 
totaling 2,298,460 of nodes with the following distribution of 
sigma layers : 0D, 0.12D, 0.30D, 0.60D, 1D. 
B. Bathymetry 
The most recent available bathymetry is used in the 
model. Several datasets from different sources were pasted 
together. 
The bathymetry for the Belgian continental shelf and the 
Belgian coastal zone comes from MDK-aKust (year 2007 - 
2010). The bathymetry of the Dutch coast (2007-2012) was 
measured by Rijkswaterstaat and downloaded from Open 
Earth. For the ports of Zeebrugge, Blankenberge, Oostende 
and Nieuwpoort data from 2014 – 2015 are used. The 
bathymetry of the Western Scheldt (2013) and the Eastern 
Scheldt (2010) is available from Rijkswaterstaat. For the 
Lower Sea Scheldt, bathymetric data of 2011 were provided 
by Maritime Access division. The topographic data for the 
channel banks (2007) are taken from the Mercator databank. 
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Comparison of modeled and measured water levels is 
done by comparing the time series, the high and low waters, 
and the harmonic components obtained from a harmonic 
analysis. 
For sailed ADCP measurements and discharge data, 
comparison with the model results is done for selected 
modeled tides that are comparable to the tidal conditions 
during the measurements. This allows us to use ADCP and 
discharge data from different periods for the comparison 
with the model results. Bigger differences between the 
calculated and measured velocities and discharges are 
expected when the agreement between the measured and 
modeled tides is not sufficient. Differences between the 
model bathymetry and the actual bathymetry during the 
measurements can be another reason for the differences in 
discharges. 
The magnitude and direction of the stationary velocities 
in deep zones are analysed. Also an analysis of the 
components of the currents is performed based on 
Sutherland et al., (2003). This results in a MAE (mean 
absolute error), combining magnitude and direction and 
RMAE (relative mean absolute error). 
Stationary velocity measurements in shallow zones are 
usually available for a long period which can be different 
from the modeled period. In order to compare these 
measurements with the model results separate tidal cycles 
are assembled based on concurrent water level data and 
given tidal amplitude boundaries. 
B. Cost function 
In order to select the best calibration run, a cost function 
is calculated for each simulation. The cost function is defined 
to get one objective factor that represents improvement or 
deterioration of the model performance. The cost function is 
expressed in function of the reference run, so a value lower 
than 1 indicates an improvement (Vanlede et al., 2015, in 
preparation). 
 
𝐶𝑜𝑠𝑡 =
𝑚𝑎𝑥(𝐹𝑎𝑐𝑡𝑜𝑟! ,𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑!)
𝑚𝑎𝑥(𝐹𝑎𝑐𝑡𝑜𝑟!,!"# ,𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑!)
∗𝑊𝑒𝑖𝑔ℎ𝑡! 
 
Several parameters are selected as factors for the 
calculation of the cost function (table 1):  
- RMSE of the water level time series, RMSE of high 
waters, vector difference (that shows the accuracy of 
harmonic components in the model); 
- RMAE for each location with the available ADCP 
measurements. The RMAE gives information about the 
model accuracy for both velocity magnitude and 
direction; 
- RMSE of discharges. 
An expected observation error (a threshold for different 
parameters) has to be taken into account to assess the 
accuracy of the model reference in relation to the pre-
defined modelling objective (Vos et al., 2000). For example, 
the threshold for the M2 amplitude is 2 cm. It means that if 
the error in M2 amplitude in both runs is smaller than 2 cm, 
the cost of this parameter will remain the same. This 
methodology helps to avoid giving too much weight to a 
very small improvement or deterioration of a parameter. 
The threshold for the M2 amplitude was obtained from 
the output of the t_tide analysis for harmonic components. 
The thresholds for the RMSE of water levels and discharges 
were chosen based on the personal communication with the 
HIC department of Flanders Hydraulics Research. The 
threshold for the RMSE of discharges was calculated as 2% 
of RMS discharge in a certain area. 
In the cost function more weight is given to the Upper 
Sea Scheldt because the main objective of the calibration is 
to improve the model accuracy there. 
A small weight is given to the RMAE of sailed ADCP in 
shallow zones. In shallow areas a small inaccuracy in 
bathymetry (due to the interpolation to the grid with a 
certain resolution) has a strong effect on the water depth, 
and therefore it has a big impact on the velocities. Therefore, 
a limited resolution of the model grid can result in  
TABLE I.  WEIGHTS AND THRESHOLDS USED IN THE COST FUNCTION 
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RMSE WL time series (m) 3.50 
14.00 
50 
0.03 
RMSE high water level (m) 3.50 0.03 
Vector difference** 3.50 0 
delta M2 amplitude (m) 3.50 0.02 
E
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RMSE WL time series (m) 1.25 
5.00 
0.03 
RMSE high water level (m) 1.25 0.03 
Vector difference 1.25 0 
delta M2 amplitude (m) 1.25 0.02 
L
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RMSE WL time series (m) 3.50 
14.00 
0.03 
RMSE high water level (m) 3.50 0.03 
Vector difference 3.50 0 
delta M2 amplitude (m) 3.50 0.02 
U
SS
* 
RMSE WL time series (m) 4.25 
17.00 
0.03 
RMSE high water level (m) 4.25 0.03 
Vector difference 4.25 0 
delta M2 amplitude (m) 4.25 0.02 
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RMAE sailed ADCP deep 10.00 
13.33 
50 
0 
RMSE discharges (m³/s) 3.33 738 
L
SS
 
RMAE sailed ADCP deep 10.00 
15.83 
0 
RMAE sailed ADCP 
shallow 
2.50 0 
RMSE discharges (m³/s) 3.33 87 
U
SS
 
RMAE sailed ADCP deep 15.00 
20.83 
0 
RMAE sailed ADCP 
shallow 
2.50 0 
RMSE discharges (m³/s) 3.33 13 
Sum 100 100 100  
*WS: Western Scheldt; ES: Eastern Scheldt; LSS: Lower Sea Scheldt; 
USS: Upper Sea Scheldt 
** Vector difference combines the evaluation of both amplitude and 
phase between the observed and modeled tidal components. 
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Figure 6 - Measured and modelled velocity magnitude and direction at 
Liefkenshoek (25/06/2013) 
 
Figure 7 – RMSE of velocity magnitude and direction at Liefkenshoek 
(25/06/2013) 
 
2) Estimation of error in the intertidal zones 
To estimate an error in the intertidal zones only ADCP 
measurements in the intertidal areas were selected from all 
available transects for the comparison with the model results. 
An example of the time series of the modeled and 
measured velocities in shallow zone is presented in figure 8. 
The border of the intertidal areas is defined as the average 
low water at a certain location during spring tide for a period 
from 2001 to 2010. The model results and measurements in 
the locations with the bathymetry deeper than the low water 
of spring tide are excluded from the analysis. 
The velocity direction is badly defined in the areas where 
velocity magnitude is small. Therefore, in the intertidal zones  
 
Figure 8 - Measured and modeled velocity in the intertidal area at Boom 
 
only the model accuracy for the velocity magnitude is 
analysed. It is important to keep in mind that in shallow areas 
a small inaccuracy in bathymetry (due to the interpolation to 
the grid with a certain resolution) has a big effect on the 
water depth, and therefore it has a significant impact on the 
velocities. A limited resolution of the model grid can result in 
big differences between the model results and sailed ADCP 
measurements in shallow zones. 
The RMSE of velocity magnitude varies between 11 and 
20 cm/s at most locations. The model accuracy is worse at 
some transects where the grid resolution is not fine enough in 
the intertidal area. 
B. Stationary velocities 
1) Deep areas 
3D modeled velocities are compared with the stationary 
velocity measurements at Buoy 84, Oosterweel and 
Driegoten at corresponding heights above the bottom. 
History plots are made and statistical parameters (MAE and 
RMAE of the velocity vector, bias and RMSE of the velocity 
magnitude and direction) are calculated to evaluate the model 
accuracy (table 2). An example of the history plot is shown in 
figure 9. 
At Buoy 84 and Oosterweel the bias of velocity 
magnitude is -7 to 5 cm/s. The RMSE of velocity magnitude 
is 10 to 15 cm/s. The RMAE is 0.21 to 0.29. Accordingly to 
Sutherland et al., (2003) the model performance at these 
locations is good. 
The differences at Driegoten are higher than at other 
stations. The point with the real coordinates of the 
measurement becomes dry in the model in the second half of 
ebb. If we analyze the flow velocities in a deeper point 
(Driegoten proxy) situated close to the location of the real 
point, velocities are overestimated in the model. The 
differences between the calculated and measured velocity can 
be related to the innacuracies in the bathymetry implemented 
in the model. The discharge through the entire cross section 
at Driegoten is modeled accurately.  
 
 


22nd Telemac & Mascaret User Club STFC Daresbury Laboratory, UK, 13-16 October, 2015 
 
 
VI. CONCLUSIONS 
This paper describes the calibration of the 3D SCALDIS 
model against different types of velocity data. This model is 
developed for the tidal Scheldt in 3D TELEMAC software. 
A large model extent is combined with a high resolution 
upstream. 
A weighted dimensionless cost function was used to 
analyse the model results. The cost function attributes equal 
weight to the horizontal and vertical tide. The weights are 
given to different parameters based on the importance of 
these parameters for the model calibration. 
 The model is calibrated against water levels, discharges 
and velocity measurements. This paper describes the 
methodology and results of the calibration against of sailed 
ADCP measurements and stationary velocity measurements 
in shallow and deep areas. The analysis of the model output 
shows that the model is accurate and can be used for the 
scenario analysis. 
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